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(57) ABSTRACT

A method for operating a hearth furnace encompassing a
furnace chamber heated by at least one burner, including: a)
introducing metal-containing material into the hearth fur-
nace, b) melting the metal-containing material in a first melt-
ing phase until a melting bath surface has formed, ¢) melting
the metal-containing material in a second melting phase after
the melting bath surface has formed, d) removing and/or
holding the melted metal, characterized 1n that the at least one
burner 1s operated during the phase (b) such that a larger
portion of burner capacity 1s emitted in convection rather than
in radiant energy, and that respective portions of convection
heat and of radiant heat emitted by the at least one burner are
adjusted specifically via adjustment of brightness and/or size,
in particular length of a flame of the at least one burner.

11 Claims, 1 Drawing Sheet
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METHOD FOR OPERATING A HEARTH
FURNACELE

The 1nstant invention relates to a method for operating a
hearth furnace for melting a metal-containing materal.

As1s known, melting furnaces of different designs are used
for melting metal, such as copper, aluminum, lead or 1ron, e.g.
Hearth furnaces, drum melting furnaces and tower furnaces
are used, e.g. As a rule, such furnaces are still operated 1n a
highly original manner 1n that an assistant as the person in
charge of the furnace monitors the melting process and takes
control as soon as he considers such an action to be required.
In practice, the result or also the etfficiency with which such a
melting furnace can be operated often vary considerably due
to the fact that the process conditions and the starting mate-
rials vary to a high degree, e.g. with reference to the quality
and origin of the metal waste to be melted, and due to the fact
that different associates control the melting process in differ-
ent manners.

There are attempts, 1n particular 1n the field of drum melt-
ing furnaces, to attain a comparatively evened-out operating
method for the melting furnace, which varies little between
the individual shifts of the persons 1n charge of the furnace, by
using sensors for selected operating parameters, such as the
temperature at certain locations in the interior of a melting,
furnace, e.g. A number of possibilities for this can be found
from document US 2006/0199125 Al, for example for the
operation of a drum melting furnace.

The 1nstant invention 1s based on the object of providing a
method for operating a hearth furnace, which 1s improved
with reference to the control of the operation and the adapt-
ability thereotf to the respective melting object.

The posed object 1s solved by means of a method of the
alorementioned type, wherein at least one of the burners 1s
operated during the first melting phase (b) such that a larger
portion of the burner capacity 1s emitted 1n the form of con-
vection than in the form of radiant energy and the respective
portions of convection heat and radiant heat emitted by the at
least one burner, are adjusted specifically via the adjustment
ol the brightness and/or the size, 1n particular the length of the
flame of the at least one burner.

In the case of a hearth furnace with direct loading, the
material to be melted 1s introduced directly into the furnace
chamber of the hearth furnace. The furnace chamber 1is
defined by a furnace base, which 1s also referred to as hearth,
and a furnace roof, which together surround the furnace
chamber. In the first melting phase (b) after the loading, that
15, after the introduction of the material to be melted, much
solid, not yet melted metal 1s located in the furnace chamber
in the case of a hearth furnace with direct loading.

A hearth furnace with indirect loading differs from a hearth
turnace with direct loading by the presence of a loading
chamber, which 1s arranged upstream of a furnace chamber.
The material to be melted 1s 1nmitially introduced into the
loading chamber and 1s melted. The liquid metal 1s pumped
from the loading chamber into the furnace chamber, 1s
homogenized there and 1s Turther over-heated. The first melt-
ing phase thus takes place in this loading chamber 1n response
to indirect loading.

In the first melting phase after the loading, a large portion
of the material to be melted, for example metal, lies “in the
shadow” 1n both cases. This portion of the material can thus
be barely heated by means of heat radiation. In this melting,
phase, at least one burner 1s to be operated according to the
invention such that a larger portion of burner capacity is
emitted 1n the form of convection rather than in the form on
radiant energy. A large portion of convection heat means that
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a large quantity of hot gas 1s available, which can also per-
meate the area between the solid materials. The areas of
material to be melted, which are not detected or only barely
detected by the heat radiation caused by the flame of the
burner, are thus also heated. Advantageously, the circulation
of the gas 1n the furnace chamber takes place by means of the
flow of the hot gas, which 1s particular to the convection.

According to the invention, the radiant capacity, that is, the
portion of the burner capacity, which 1s emitted by the burner
or the burners 1n the form of radiant energy, 1s at the same time
to be lower than the portion of the convection 1n the first
melting phase atter the loading. This 1s particularly advanta-
geous because, due to the lack of material circulation in the
first melting phase, the same material, that 1s, the same metal
parts, which have not yet been melted or which have only
been melted partially, are always subjected to the heat radia-
tion and that the material can thus overheat and burn in
response to a high energy application via radiant heat. This 1s
not desired, because valuable material would thereby be lost
during the melting process.

It turned out that the flame characteristic 1s of particular
importance in the case of a hearth furnace.

According to the invention, the adjustment of the portions
of convection heat and radiant heat of the burner capacity
emitted by the at least one burner 1s reached via the adjust-
ment of the flame of the at least one burner, wherein 1t turned
out that the adjustment of the brightness of the flame and/or of
the s1ze of the tlame and thereby 1n particular the flame length
determine the distribution of the above-mentioned portions to
a crucial degree. A high brightness of the flame thus repre-
sents a large radiant portion and vice versa a low flame bright-
ness represents a small portion of radiant energy of the total
emitted thermal energy and a correspondingly larger portion
of convection energy, which 1s emitted by the burner flame. It
1s thereby assumed herein that the sum from the convection
heat and the radiant heat substantially corresponds to the
emitted total thermal energy of the flame.

According to the invention, the flame characteristic, 1n
particular the flame brightness and/or flame size are con-
trolled by controlling the air portion and/or the oxygen por-
tion of the gases, which are supplied to the burner. Depending
on the desired flame characteristic and according to the
desired heat transfer mechanism, the oxidant supplied to the
burner or the burner thus has an oxygen content of between 21
vol. %, that 1s use of air, and 100 vol. %, that 1s use of pure
oxygen. To attain a higher radiant capacity, an oxidant com-
prising a higher oxygen portion 1s thus supplied to the burner
than to reach a large convective portion of burner capacity.
For example, the burner or the burners is/are operated as air
burners in the first melting phase, 1f need be with a slight
oxygen enrichment of the air, while air, which 1s highly
enriched with oxygen or technically pure oxygen, 1s used 1n
the second melting phase as oxidant.

In the first melting phase, at least one burner 1s operated
with an oxidant, which has a small oxygen portion, that 1s, air
or air which 1s slightly enriched with oxygen, e¢.g. In this
phase, the oxidant has an oxygen portion of less than 50 vol.
%, less than 40 vol. %, less than 30 vol. % or less than 25 vol.
%, for example.

In the second melting phase, at least one burner 1s operated
with an oxidant, which has a relatively large oxygen portion,
1n any case an oxygen portion, which 1s larger than that of the
oxidant in the first melting phase. In the second melting
phase, air enriched with oxygen or pure oxygen 1s thus pret-
erably used as oxidant. In this phase, the oxidant has an
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oxygen portion of more than 50 vol. %, more than 70 vol. %,
more than 90 vol. %, more than 95 vol. % or even of 100 vol.
%, for example.

In an embodiment of the invention, all operating burners in
the first melting phase are adjusted such that a larger portion
of burner capacity 1s emitted 1n the form of convection rather
than 1n the form of radiant energy. In the second melting
phase, all operating burners are correspondingly adjusted
such that a larger portion of burner capacity 1s emitted 1n the
form of radiant energy rather than in the form of convection.
Preferably, the burner capacity transferred 1n the first melting
phase to the material in the form of convection thus prevails,
while 1n the second melting phase the material 1s heated more
by radiant capacity than by convection.

In response to the transition from the first into the second
melting phase, the burners or a portion of the burners can
cither be turther operated with a larger oxygen portion, that is,
the oxygen portion 1n the oxidant supplied to the burner 1s
increased in response to the switch-over mnto the second melt-
ing phase, or the burners or a portion of the burners are
switched off and other burners, which operate with a larger
oxygen portion in the oxidant, are switched on.

It 1s thus the goal of the instant invention to optimize the
melting process 1n a hearth furnace via the adjustment of the
flame characteristic. The oxygen portion in the oxidant 1s
controlled as a function of the flame characteristic such that
the energy supplied by the burner 1s transferred to the matenal
either mainly in the form of radiation or mainly 1n the form of
convection. For example, the brightness of the flame of at
least one burner 1s measured. Advantageously, a further oper-
ating parameter, such as the temperature of the melting bath,
¢.g., 1s measured and a certain brightness of the flames of the
burner 1s adjusted, depending on whether the melting process
1s 1n the first (b) or 1n the second (¢) melting phase.

The first melting phase 1s characterized in that a large
portion of the material 1s still present 1n solid form 1n the
furnace chamber. In essence, a circulation of the material thus
does not take place. The onset of the second melting phase 1s
characterized in that a liquid melting bath has already formed.
Preferably, the transition from first to second melting phase 1s
determined by the point in time, at which more than 80%,
particularly preferably more than 90% of the total matenal
located 1n the furnace chamber or 1n the loading chamber have
been melted. In an exceptionally preferred manner, the phase,
in which the entire material to be melted has transitioned into
the liquid phase, 1s considered to be the onset of the second
melting phase.

Preferably, the ivention serves to melt material, which
includes copper, aluminum, lead or 1ron. In particular, the
method according to the invention 1s suitable for producing,
the mentioned metals from the base material, which 1s to be
melted.

Advantageously, the furnace operator mitially preselects
certain values for putting fuel gas and oxidant through the
burner, e.g. for a partially automated control. The brightness
measurement then provides a confirmation of this first adjust-
ment as being correct or displays the need for correction,
which the furnace operator complies with by newly adjusting
or adapting, respectively, the mentioned values. In so doing,
the operation or the furnace operating mode, respectively, 1s
controlled with the aid of the brightness of the flame of the
burner.

According to the invention, provision can also be made for
different target values of brightness for each of the flames for
more than one burner, e.g. for two or three burners. This
means that the furnace chamber 1s heated differently at dif-
terent locations. For example, one area of the furnace cham-
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ber 1n which the material has already completely transitioned
into the liquid phase, can be heated with a larger portion of
radiant energy than an area of the furnace space, 1n which
solid base material 1s not yet located.

One or a plurality of burners, which are operated with air as
oxidant are preferred. A large portion of the emission of
burner capacity can thus be adjusted in the form of convection
heat. As already described, this 1s particularly important for
the first melting phase (b). According to the invention, special
air burners as well as burners, which can also be operated as
air burners, can be used. The deciding feature of both possi-
bilities 1s that the nitrogen contained 1n the air 1s not converted
in response to the combustion with air as oxidant, thus
remains as inert gas, but 1s heated in response to the combus-
tion and 1s thus available as hot gas for the convection 1n a
relatively large quantity.

According to a particularly advantageous embodiment of
the invention, at least one of the burners 1s operated during the
second melting phase (¢) such that a larger portion of the
burner capacity 1s emitted in the form of radiant energy than
in the form of convection and that the respective portions of
convection heat and of radiant heat, which are emitted by the
at least one burner, are specifically adjusted via the adjust-
ment of the brightness and/or size, in particular length of the
flame of the at least one burner. The second melting phase (c)
starts when a melting bath surface has formed.

The process 1n the second melting phase preferably differ-
entiates between two embodiments of a hearth furnace, which
are often encountered 1n practice: the hearth furnace with a
device for circulating the melting bath and the hearth furnace
without such a device. A different adjustment for the flame
characteristic of the at least one burner 1s advantageous,
depending on which of these two embodiments 1s available.

In the event that the used hearth furnace encompasses a
device for circulating the melting bath, a large portion of
radiant capacity of the capacity, which 1s emitted by the at
least one burner according to the invention, 1s thus aimed at
according to the invention. According to experience, a high
radiant capacity of the burner corresponds to a very bright
flame of the burner. According to the invention, the brightness
of the tlame 1s used to evaluate and adjust the radiant capacity
of a flame. A high brightness thereby corresponds to a high
radiant capacity, whereas a low brightness corresponds to a
low radiant capacity. In addition, a large convention portion
of burner capacity emitted by the burner corresponds to a low
radiant capacity. Both portions can thus be measured and
adjusted, e.g. via the brightness of the flame of the burner.

The operation of the respective burner by means of an
oxidant, which encompass an oxygen portion, which is larger
than that of air, represents a possibility for influencing the
brightness of the tlame 1n practice. The possibilities herein
extend from a slightly increased oxygen portion to the use of
a pure oxy-fuel burner, that 1s, a burner, which 1s operated
with technically pure oxygen as oxidant. For example, the
oxidant can have an oxygen portion, which 1s only slightly
larger than air, for example 25 vol. % to 40 vol. % or also a
very large oxygen portion of more than 90 vol. % up to 100
vol. % of oxygen.

However, the approach in the case of a hearth furnace
without a device for circulating the melting bath 1s different:
in the case of such an embodiment, 1t 1s advantageous to limait
the radiant capacity of the at least one burner according to the
invention such that an undesired combustion of melted metal
does not take place on the surface of the melting bath. Such a
combustion can take place when the heating of the metal bath
was chosen to be too high, because, without circulation, the
portion of the metal melt which located on the surface, which
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1s permanently always the same, must accommodate the
majority of the radiant capacity. In a particularly advanta-
geous manner, a flame comprising a low brightness or also an
invisible flame 1s used for a hearth furnace without a device
for circulating the melting bath. The invisible flame 1s also
referred to as flameless combustion. Special burners, which

are specifically designed for the flameless combustion can be
used for the flameless combustion and conventional burners
can be operated without flame.

In all of the described cases, the burner capacity as 1t 1s
known from the state of the art, 1s controlled or regulated in a
particularly advantageous manner 1n addition to the bright-
ness of the flame, or generally speaking, the flame character-
1stic.

The size of the flame and of the space assumed by the flame
are a measure for how the heat of the combustion 1s distrib-
uted 1n the furnace chamber and 1n the material to be melted.
Depending on the process step, certain furnace parts can be
relatively hot or cold. For example, certain furnace parts are
relatively cold immediately after the loading. Such tempera-
ture drops can be quickly compensated for in the furnace by
regulating the flame volume, whereby the melting process 1s
homogenmized.

In a particularly advantageous manner, the flame 1s thus
adjusted to be ditferent for the first melting phase (b) and for
the second melting phase (c¢) with reference to its brightness
and/or size, in particular length and/or volume.

Advantageously, one or a plurality of burners, which are
operated with an oxygen-containing gas, the oxygen content
of which 1s larger than that of air, 1n particular with techmically
pure oxygen, are used. The advantages and applications of
these approaches have already been described. In a particu-
larly advantageous manner, one or a plurality of such burners
are used during the second melting phase (c).

In the alternative or 1n addition to the use of air burners, a
portion of the furnace gas 1s circulated to increase the con-
vection 1n the furnace chamber. For this, furnace gases are
sucked out of the furnace chamber and are fed to the furnace
chamber again, whereby an increase of the convection 1s
reached by these heated gas quantities, which flow due to the
circulation.

Preferably, the brightness and/or size of the flame of one or
a plurality of burners 1s in each case regulated as a function of
the temperature 1n the melting bath.

Furthermore, there 1s a plurality of further parameters, e.g.
the composition of the furnace atmosphere, which can be
used advantageously for controlling or regulating the hearth
furnace. In a particularly advantageous manner, the bright-
ness of the flame, e.g., can thus be adjusted as a function of the
composition of the furnace atmosphere, which was measured
for this purpose by means of suitable means, or at least the
portions of the main component of the furnace atmosphere
can be determined. Further possibilities for particularly suit-
able parameters are explained in more detail in the examples,
which follow below.

According to a particularly advantageous development of
the invention, the brightness of the flame 1s measured via an
ultraviolet (UV) probe. For this, provision can be made for
one or a plurality of UV probes 1n the furnace chamber.

In the alternative, provision can be made in the loading
door of the hearth furnace or i the furnace roof or in the
tfurnace wall for a viewing window, through which there 1s a
visible connection between a UV probe attached outside of
the furnace chamber and the flame ot the at least one burner,
which 1s operated according to the mvention and the bright-
ness of the flame can thus be measured with the aid ofthe UV
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probe. According to the invention, provision can also be made
for a plurality of viewing windows and for a plurality of UV
probes.

As an alternative to the measurement of the brightness of
the flame during the melting operation, as described above, 1t
may be advantageous for certain applications to perform an
empirical determination of the brightness of the flame 1n
advance, thus prior to the onset of the melting process, so that
certain flame temperatures and thus a brightness of the flame
corresponding to the respective flame temperature can be
assigned to certain operating parameters, such as the oxygen
throughput through the burner, which 1s to be evaluated, or the
tuel gas throughput corresponding to this burner. The corre-
lation of the flame brightness or flame temperature, respec-
tively, with these operating parameters can be used to deter-
mine the brightness of the tlame by means of the currently
available operating parameters. The throughput of oxidant
and fuel can thus be determined, for example, 1nstead of a
direct measurement of the brightness of the flame and con-
clusions can be drawn from these variables to the flame
brightness. The empirically determined context between
operating parameter, €.g. oxygen and fuel gas throughput,
thus allow for a conclusion to the relative and/or absolute
portions of radiant and convection capacity of the burner.

An advantageous development of the mvention provides
for the use of an electronic data collection as well as for means
for evaluating the collected data for collecting the operating
parameters.

A turther particularly preterred embodiment of the mven-
tion provides for the use of means for controlling and/or
regulating and/or optimizing and/or operating the melting
process fully automated, which access the electronically col-
lected operating parameters as input variables.

Provision 1s thereby preferably made for means for detect-
ing the brightness and/or the size, in particular the length of
the flame of at least one of the burners; provision 1s particu-
larly preterably made for a UV probe as means for this.
Preferably, the determination of the size and/or length of the
flame 1s performed via an optical control, for example by
providing one or a plurality of suitable viewing windows in
the loading door and/or the furnace roof and/or the furnace
wall of the hearth furnace.

Provision 1s made 1n a particularly advantageous manner in
a hearth furnace, e.g. air and oxygen burner (oxy-fuel burner)
for burners of different types, wherein according to the mnven-
tion the selection of which of the burners operate simulta-
neously makes 1t possible to adjust the portions of convection
and radiant capacity in the furnace chamber and/or 1n the
loading chamber and 1n the furnace chamber, as far as avail-
able, and to adapt them to the respective melting phase or to
optimize them for the respective melting phase, respectively.
For the optimization, provision i1s preferably made for an
clectronic data collection and processing.

As an alternative to the aforementioned embodiment, 1t 1s
possible to use the same burner for different operating modes,
thus to switch one or a plurality of burners, e.g., between an
operation with air as oxidant and with technically pure or less
pure oxygen or to operate the same burner as burner for a
flameless combustion.

An mmportant advantage of the instant ivention 1s to be
seen 1n attaining an even and evenly well melting result,
which differs little between the 1individual shifts of the per-
sons responsible for the furnace, such as for a hearth furnace.

The mvention offers a large number of further advantages,
only a few of which are mentioned below: the melting process
can be optimized 1n a simple manner, e.g. with reference to
the quality of the melting result, the costs and/or the produc-
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tivity of the melting method. The transition from the first
melting phase to the second melting phase as well as each of
the two melting phases by themselves can further be opti-
mized. Last but not least, the instant invention identifies pos-
sibilities for electronically controlling and automating the
melting process. All of the required operating parameters can
be detected via sensors, such as nano sensors, €.g.

Further operating parameters and approaches, which can

advantageously be used for controlling or regulating the melt-
ing process, will be explained 1n the following Examples:

EXAMPLE 1

The temperature profile of the fire proof lining, which lines
the furnace chamber, according to which the brightness and/
or size of the flame of at least one burner 1s controlled, can be
used as operating parameter. For this purpose, one or a plu-
rality of temperature sensors are installed at the fire proof
lining and the temperature 1s measured with them. Particu-
larly advantageously, a temperature sensor e.g., 1s installed on
the ceiling of the furnace roof.

EXAMPLE 2

According to another embodiment, the temperature and/or
the composition of the exhaust gas can also be measured in
the exhaust gas tlow of the hearth furnace and can be used as
operating parameter for controlling or regulating the flame
characteristic. It can furthermore be advantageous to deter-
mine the pressure in the exhaust gas duct, through which the
exhaust gas leaves the hearth furnace, by means of a device
for pressure measurement and to use this value as operating
parameter for controlling or regulating the melting process.

EXAMPLE 3

The position (open or closed) of the loading door of the
hearth furnace can also used as operating parameter, e.g.
detected via a sensor and can be used for controlling or
regulating the melting process and 1n particular of the burner
operation. The same applies to the progression of the loading
process, which can also be detected and used as operating
parameter 1 terms of the invention.

EXAMPLE 4

This 1s an example for a semi-automatic embodiment of the
instant invention. The person operating the furnace thereby
obtains information relating to a screen, which serves as
output medium for an electronic data collection and process-
ing and which determines a clear course of action for the
person operating the furnace from suitable operating param-
eters. The person operating the furnace then takes control of
the melting process according to the istructions.

All of the above-mentioned alternatives can be used 1ndi-
vidually as well as 1n combination with one another.

The invention as well as further embodiments of the inven-
tion will be defined in more detail below by means of the
exemplary embodiment illustrated 1n the FIGURE which
shows a schematic illustration of a hearth furnace comprising
a temperature sensor 1n the area of the melting bath and two
burners.

In detail, the FIGURE shows a hearth furnace for melting
metal comprising a furnace base 1 and a furnace roof 2 as well
as a loading door 3, via which the metal to be melted, e.g.
metal waste, 1s introduced into the hearth furnace. The FIG-
URE shows a hearth furnace with direct loading.
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As 1s shown 1n the FIGURE, a furnace chamber 4 1s sur-
rounded by the furnace base 1, the furnace roof 2 as well as by
perpendicular side walls, which are also assigned to the fur-
nace rool, and the loading door 3.

This exemplary embodiment shows two burners S, which
are used to heat the furnace chamber 4 1n each case alone or
together and to provide suitable conditions for melting the
metal introduced into the furnace chamber 4. For this, the
flame of at least one of the two burners 5 1s controlled accord-

ing to the mvention as a function of one or a plurality of
operating parameters. In this example, the temperature of the
melting bath 1s measured as operating parameter with the aid
of a temperature sensor 7.

The brightness of the flame of at least one of the two
burners 5 1s measured by means of a UV probe 10. Preferably,
the brightnesses of the flames of both burners 5 are measured.
The UV probes are installed on the exterior of a viewing
window 9, which 1s 1n each case arranged 1n a substantially
perpendicular manner above the respective burner 3 in the
furnace roof 2.

In response to a certain temperature of the melting bath 6,
a certain brightness of the flame of the two burners 3 is
desired, depending on whether the melting process 1s in the
first (b) or 1n the second melting phase (c). Two different
target values of brightness can thereby also be available for
cach of the two flames. Certain values are preselected for the
throughput of fuel gas and oxidant, e.g. for a semi-automatic
control by the person operating the furnace for the respective
burner 5. The measurement of the brightness then leads to a
confirmation of this first adjustment as being correct or dis-
plays a need for correction, which the furnace operator com-
plies with by newly adjusting or adapting, respectively, the
mentioned values. In so doing, the operation or the furnace
operating mode, respectively, 1s controlled with the aid of the
brightness of the flame of a burner 5.

At least one of the burners 3 1s to thereby be operated
during the first melting phase (b) such that a larger portion of
burner capacity 1s emitted in the form of convection than in
the form of radiant energy and that the respective portions of
convection heat and of radiant heat, which are emitted by the
at least one burner 35, are specifically adjusted via the adjust-
ment of the brightness of the flame of the at least one burner
5.

In the first melting phase after the loading, a large portion
of the metal to be melted, lies “in the shadow” of the burner
flame, which 1s to express that this portion of the material can
be barely heated by heat radiation, because it 1s shaded by
material, which 1s located between the flame and this portion
of the material. A large portion of convection heat makes 1t
possible for the large hot gas quantities required for this to
also permeate the areas between the solid material and to heat
them.

At least one of the burners 5, 1n this example both burners
5, are operated during the second melting phase (¢) such that
a larger portion of the burner capacity 1s emitted in the form of
radiant energy than 1n the form of convection. The second
melting phase (c¢) starts when a melting bath surface has
formed. This example 1s a hearth furnace comprising a device
(not shown) for circulating the melting bath 6. In this case, a
large portion of radiant capacity of the capacity, which 1s
emitted by each of the two burners 5 illustrated herein, 1s
desired according to the mvention. According to experience,
a high radiant capacity of the burner 3 corresponds to a very
bright flame of the burner 5. According to the invention, the
brightness of the tflame 1s used to evaluate and adjust the
radiant capacity of a flame.
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In this example, the flame 1s thus also adjusted 1n a particu-
larly advantageous manner to be different from one another
for the first melting phase (b) and for the second melting
phase (c¢) with reference to its brightness.

What 1s claimed 1s:

1. A method for operating a hearth furnace for melting a
metal-containing material, wherein the hearth furnace
encompasses a furnace chamber heated by means of at least
one burner, and a loading chamber with a pumping device
disposed upstream of and 1n communication with the furnace
chamber, the at least one burner positioned to provide heat to
the loading chamber, the method comprising:

a) introducing the metal-containing material into the hearth

furnace,

b) melting the metal-containing material 1n a first melting

phase until a melting bath surface has formed,

¢) melting the metal-containing material 1n a second melt-

ing phase after the melting bath surface has formed,

d) removing and/or holding the melted metal,

¢) operating the at least one burner during the first melting

phase (b) such that a larger portion of burner capacity 1s
emitted as convection energy rather than as radiant
energy, and adjusting respective portions of convection
heat and of radiant heat emaitted by the at least one burner
via adjustment of at least one of brightness, size and
length of a flame from the at least one burner.

2. The method according to claim 1, further comprising
heating the loading chamber with the at least one burner.

3. The method according to claim 1, wherein operating the
at least one burner 1s with an oxidant comprising air.
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4. The method according to claim 1, wherein operating the
at least one burner during the second melting phase (¢) 1s such
that a larger portion of the burner capacity 1s emitted as the
radiant energy than as the convection energy.

5. The method according to claim 4, comprising adjusting,
flames of the at least one burner to be different from one
another for the first melting phase (b) and for the second
melting phase (¢) with reference to at least one of brightness,
length and volume of the flames.

6. The method according to claim 1, wherein operating the
at least one burner 1s with a gas selected from the group
consisting ol an oxygen-containing gas having an oxygen
content greater than that of air, and a technically pure oxygen.

7. The method according to claim 1, comprising circulating,
a portion of furnace gas in the furnace chamber to increase
convection therein.

8. The method according to claim 1, comprising regulating
at least one of the brightness and the size of the flame by the
at least one burner as a function of a temperature of the melted
metal.

9. The method according to claim 1, comprising measuring,
the brightness of the flame with an ultraviolet (UV) probe.

10. The method according to claim 1, further comprising
collecting and evaluating operating parameters of the at least
one burner electronically.

11. The method according to claim 10, wherein the melting
1s Tully automated, and the electronically collected operating
parameters are accessed as input variables.
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